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Two-dimensional echocardiographic determination of
right ventricular ejection fraction was compared with
right ventricular ejection fraction obtained by first pass
radionuclide angiography in 39 patients with coronary
artery disease. Apical four chamber and two chamber
right ventricular views were obtained in 34 (87%) of the
39 patients, while a subcostal four chamber view was
obtained in 31 patients (80%). Right ventricular ejection
fraction by two-dimensional echocardiography was cal-
culated by the biplane area-length and Simpson's rule
methods using two paired orthogonal viewsand utilizing
a computerized light-pen method for tracing the right
ventricular endocardium. A good correlation (r = 0.74
to 0.78) was found between radionuclide angiographic
and two-dimensional echocardiographic right ventricu-
lar ejection fraction for each method used. Patients with
acute inferior myocardial infarction had the lowest right
Two-dimensional echocardiography is a useful noninvasive
method of estimating left ventricular volume and ejection
fraction and compares favorably with left ventricular an-
giography and radionuclide angiography (1-3). Because of
the complex geometric shape of the right ventricle and its
irregular endocardial surface, no established method exists
for determining the volume of the right ventricle with two-
dimensional echocardiography. Recent echocardiographic
studies utilizing a variety of views and formulas assessed
right ventricular volume and ejection fraction in children
with congenital heart disease (4,5) and in adults with chronic
obstructive lung disease (6) or right ventricular volume and
pressure overload (7).
From the Likoff Cardiovascular Institute, Hahnemann University, Phil-
adelphia, Pennsylvania. Manuscript received April 13, 1983; revised manu-
script received June 13,1983, accepted June 15, 1983.
Address for reprints: Morris N. Kotler, MD, Hahnemann University.
230 N. Broad Street, Philadelphia. Pennsylvania 19102
© 1983 by the Amencan College of Cardiology
ventricular ejection fraction byradionuclide angiography
and two-dimensional echocardiography (p < 0.05 com-
pared with patients with right coronary artery obstruc-
tion and no infarction). There were no differences in
right ventricular ejection fraction between patients with
acute and old inferior myocardial infarction by both
techniques. No correlation was found between left and
right ventricular ejection fraction by radionuclide an-
giography (r = 0.16).
It is concluded that 1) right ventricular ejection frac-
tion by two-dimensional echocardiography correlates weD
with radionuclide angiographic measurements and can
reliably evaluate right ventricular function in coronary
artery disease, 2) patients with inferior myocardial in-
farction have reduced right ventricular ejection fraction,
and 3) changes in left ventricular ejection fraction do
not directly influence right ventricular function.
Radionuclide techniques, including first pass (8) and gated
equilibrium scintigraphy (9,10), are not dependent on geo-
metric assumptions and have been used as reliable methods
for quantitative assessment of right ventricular function. In
the present study, we estimated the right ventricular ejection
fraction in patients with coronary artery disease with the
area-length and Simpson's rule methods utilizing biplane
two-dimensional echocardiographic views of the right ven-
tricle. Comparisons then were made with right ventricular
ejection fraction determined by first pass radionuclide
angiography.
Methods
Study patients. Thirty-nine patients (28 male and II
female) with coronary artery disease, whose age ranged
between 31 and 80 years (mean 59.8 ± 10.2), were included
in the study. Two-dimensional echocardiography and first
pass radionuclide angiography were performed within 2 days
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in 29 of the 39 patients and within 8 days in the remaining
10 patients. No change in the clinical or hemodynamic status
of these patients occurred between the two studies.
Ten of the 39 patients (group I) had an acute transmural
inferior myocardial infarction less than 7 days before the
echocardiographic study; infarction was diagnosed by char-
acteristic clinical, cardiac enzyme and electrocardiographic
findings. Group II included 10 patients with an old inferior
myocardial infarction that occurred 15 days to 10 years
before the echocardiographic study and that was diagnosed
by clinical history and the presence of abnormal Q waves
in the inferior leads of the electrocardiogram. Group III
included nine patients with a previous transmural anterior
myocardial infarction that occurred from 1 day to 1 year
before the echocardiographic study; the infarction was di-
agnosed by clinical history and abnormal Q waves in leads
V I to V6 of the electrocardiogram. Group IV comprised 10
patients without prior myocardial infarction, but who had
evidence of right coronary artery obstruction (> 75% lu-
minal narrowing) on coronary angiography performed within
2 days of the echocardiographic study. Patients with evi-
dence of valvular heart disease, cardiomyopathy or chronic
obstructive lung disease were excluded from the study. Two-
dimensional echocardiographic studies were obtained in 13
normal individuals who served as the control group.
Two-dimensional echocardiography. Echocardiographic
studies were performed using an 80°wide angle phased array
sector scanner (Diasonics V-3400 or V-3400R) with a 2.25
mHz transducer. Echocardiograms were recorded with the
patient in the left lateral decubitus or supine position. Three
echocardiographic views of the right ventricle were at-
tempted in each patient. An apical four chamber view was
obtained with the transducer positioned at the point of max-
imal cardiac impulse and angled toward the right shoulder
incorporating all four cardiac chambers with portions of the
mitral and tricuspid valves (Fig. lA). The transducer was
rotated approximately 90° to the left and angled anteriorly
until the two right heart chambers and portions of the tri-
cuspid valve were visualized (Fig. 1B, apical right ventric-
ular two chamber view). The distal interventricular septum
was also imaged in this plane when the right ventricle was
not dilated. Technically adequate studies of these two views
were obtained in 34 (87%) of the 39 patients.
Figure 1. Two-dimensional echocardiographic stop-frame images
from a normal individual showing three right ventricular (RV)
views. A, Apical four chamber view (arrows indicate right ven-
tricular free wall). B, Apical right ventricular two chamber view
(arrows indicate right ventricular diaphragmatic wall). C, Sub-
costal four chamber view. LA = left atrium; LV = left ventricle;
MV = mitral valve; RA = right atrium; RVOT = right ventricular
outflow tract; TV = tricuspid valve.
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Figure 2. Two-dimensional echocardiographic apical four cham-
ber view (upper panel) and apical two chamber view (lower
panel) of rightventricle (RV) in diastole (dotted line) andsystole
(solid line) and schematic diagram (right panels) from a patient
with inferior myocardial infarctioncomplicatedby rightventncular
infarction. Note severe hypokinesia of right ventricular free wall
(upper panel ) and diaphragmatic wall (lower panel) . The right
ventricular ejection fraction was calculated to be 15%. ANT. =
anterior; INF. = inferior; L = left; LA = left atrium; LV = left
ventricle; R = right and RA = right atrium.
While recording the apical four chamber and apical right
ventricular two chamber views, care was taken to obtain
the maximal right ventricular size and to ensure that the
end-diastolic long axis in the first view was consistent with
that in the second view. A third view (subcostal four cham-
ber view) was obtained by placing the transducer in the
epigastrium and angling toward the left shoulder so that the
maximal right ventricular cavity was recorded (Fig. lC).
Optimal imaging of the right ventricle with this view was
possible in 31 (80%) of the 39 patients. In 27 patients (70%).
all three views were obtained.
Calculation of right ventricular ejection fraction .
Echocardiographic images were recorded on Beta-I video
cassette tapes and were analyzed on a Sony SYM 1010 tape
recorder system providing slow speed and frame by frame
forward features. Tracing of the right ventricular endocar-
dium at end-systole and end-diastole was performed in all
three views using a Diasonics light-pen computer system
(Fig. 2). End-systolic and end-diastolic frames of the right
ventricle were identified by the closing and opening of the
tricuspid valve or the smallest and largest right ventricular
chamber size, respectively (5). In some studies, the peak
of the R wave of the simultaneously recorded electrocar-
diogram was used to define end-diastole and the end of the
T wave for end-systole . In tracing the echocardiograms ,
minor irregularities of the right ventricular endocardial sur-
face were ignored and small defects in the endocardial echoes
were completed by a straight line between adjacent clear
endocardial echoes.
The right ventricular end-systolic and end-diastolic vol-
umes were calculated according to the biplane area-length
method (II ) (method I) using the formula Y = (8 AI
A2)/37T L, where AI and A2 = the enclosed area of the
right ventricular chamber from two orthogonal views, re-
spectively, and L = the common long axis shared and
measured from the apex of the right ventricle to the mid-
point of the tricuspid valve. Right ventricular volumes were
also determined by the biplane Simpson ' s rule method (7)
(method II) utilizing the microprocessor controlled (com-
puter) light-pen system. Volumes were measured in three
consecutive beats and averaged for each patient. Two paired
echocardi ographic views assumed to be approximately per-
pendicular to each other were used for the calculation of
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right ventricular volume with each method: the apical four
chamber/apical right ventricular two chamber views (7)
(methods lA, lIA) and the apical four chamberlsubcostal
four chamber views (6) (methods lB , lIB). The right ven-
tricular ejection fr action (RVEF) was then determi ned from
the right ventricular end-diastolic (EDV) and end-systolic
(ESV) volumes by the formula: RVEF(%) = EDV -
ESV/EDV x 100.
Radionuclide angiography. First pass radio nuclide
ventriculograms of the right and left ventricles were obtained
in each patient utilizing a computerized multicrystal gamma
camera (Baird-Atomic Systems-77, Bedford, Massachu-
setts) equipped with a I inch (2.54 ern) parallel-hole col-
limator. A 20 gauge polyethylene catheter was inserted into
a large antecubital vein and a 15 mCi dose of technetium-
99m pertechnetate dissolved in a volume of less than I ml
was rapidly administered followed by 20 ml of a normal
saline solution. Precordial counts were recorded at frame
interva ls of 50 ms. The data were analyzed with computer
software incorporated into the multicrystal camera.
Left and right ventricular ejection fractions were deter-
mined from the background-corrected represe ntative cardiac
cycles as follows: (End-diastolic coun ts - End-systolic
countsj/End-diastolic counts X 100. In 3 of the 39 patients,
left ventricular ejec tion fraction could not be determined
because of high background activity, whereas right ven-
tricular ejection fraction was determi ned in all patients. The
lower limits of normal right ventricular ejection fraction at
rest by first pass radionuclide angiography is 40% in our
labora tory as determined in 12 normal subjects (12).
Statistical analysis. Measurements of the ejection frac-
tion are presented in the text and tables as mean ± standard
deviation . Statistical correlation between the ejection frac-
tion values determined by echocardiographic and radio-
nuclide studies was made using linear regression analysis .
Statistically significant difference (at a probability (p] level
< 0.05) was determined using Student' s t test.
Results
Table 1 shows the mean values for right ventricular ejec-
tion fraction derived from first pass radionuclide angiog-
raphy and paired orthogonal echocardiographic views. A
good correlation was found between the right ventricular
ejection fraction determined by radionuclide angiography
and two-dimensional echocardiography using method IA (r
= 0.76, Fig . 3A) , lB (r = 0.76, Fig. 3B), llA (r = 0.78,
Fig . 4A) and lIB (r = 0.74 , Fig . 4B) . Right ventricular
ejection fraction was slightly overestimated by all echocar-
diographic methods compared with that obtained by radio-
nuclide angiography .
Comparisons among the four groups of patients with
coronary artery disease and the normal control subjects are
shown in Table 2. Patients with inferior wall myocardial
infarction (groups I and II) had a lower right ventricular
ejection fraction by radionuclide ventriculography than the
patients with anterior wall myocardial infarction (group III)
or right coronary obstruction without infarction (group IV),
although statistical significance was not reached (p = 0.05
only between groups I and IV). However, left ventricular
ejection fraction by radionuclide angiography was signifi-
cantly lower (31.6 ± 10.0) in patient s with anterior wall
myocardial infarction (group III) compared with patients
with acute inferior wall myocardial infarction (group 1)(43.2
± 10.4) (p < 0.05) or right coronary artery occlusion (group
IV) (43.8 ± 8.9) (p < 0.02) . No correlation was found
between the left and right ventricular ejection fraction de-
termined by first pass radionuclide angiography (r = 0 .16)
(Fig. 5) .
Comparison of the echocardiographically determined right
Table 1. Correlation Between Right Ventricular Ejection Fraction (RVEF) Determined by Echocardiograph y (Echo) and First Pass
Radionuclide Angiography (RNA) in Patients With Coronary Artery Disease
Method
I (area-length method)
II (SImpson's rule)
Patients
RVEF(%)
Echo Views (no.) Echo RNA r value
A. Apical four chamber/ 34 35.6 ± 11.8 33.3 ± 10.9 0.76
RV two chamber
B. Apical four chamber/ 31 36.4 ± 11.0 34.1 ± 9. 1 0.76
subcostal four
chamber
A. Apical four chamberl 34 37.3 ± 10.8 33.3 ± 10.9 0.78
RV two chamber
B. Apical four chamberl 31 36. 1 ± 10.2 34.1 ± 9 I 0.74
subcostal four
chamber
RV = nght ventricular.
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Figure 3. Correlation between first pass radio-
nuclide angiographic (RNA) right ventricular ejec-
tion fraction (RYEF) and two-dimensional echo-
cardiographic (ECHO) right ventricular ejection
fraction as determined by the biplane area-length
method utilizing apical four chamber and right ven-
tricular two chamber views (method lA, left panel )
or apical four chamber and subcostal four chamber
views (method IB, right panel ) in four groups of
patients with coronary artery disease. Ml = myo-
cardial infarction; n = number of determinations;
P = probability; r = correlation coefficient: RCA
= right coronary artery; RY = right ventricular.
10 20 30 40 50 60 70 80
ECHO RVEF %
10 20 30 40 50 60 70 80
ECHO RVEF %
ventricula r ejec tion f raction 111 the fo ur groups revealed that
patients with acute inferior wall myocardial infarction (group
I) had the lowest right ventricular ejection fraction and this
difference reached statistical significance when compared
with group IV (Table 2). No difference was found in right
ventricular ejection fraction between patients withacute and
old inferior myocardial infarction.
Discussion
Methods of right ventricular volume estimation. Con-
trast ventriculography during cardiac catheterization has been
used to estimate right ventricular volumes and ejection frac-
tion (13,14). This, however, is an invasive procedure un-
suitable for serial evaluations which requires biplane cin-
eangiography. In addition, assumptions about the geometry
II. SIMPSON'S RULE METHOD
A. Apical 4'chamber!
RV z-chamber view
o Acute Inferior MI
70 • Old Inferior MI
• Anter ior MI
o RCA Obstruction
70
B. Apical 4-chamber!
sUbcostal 4-chamber view
Figure 4. Correlation between first pass rad ronucl ide
angiographic (RNA) right ventricular ejection fraction
(RYEF) and two-dimensional echocardiographic
(ECHO) right ventricular ejection fraction as deter-
mined by the Simpson's rule method utilizing apical
four chamber and right ventricular two chamber views
(method IIA, left panel) or apical four chamber and
subcostal four chamber views (method lIB, right panel )
in four groups of patients with coronary artery disease.
Abbreviations as in Figure 3.
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Table 2. Right Ventricular Ejection Fraction (RVEF) Determined by First Pass Radionuclide Angiography (RNA) and by
Echocardiography (Echo) in 39 Patients With Coronary Artery Disease
Group I: Group 2. Group 3: Group 4:
Nonn al Acute IMI OldlMI AMI RCA Obstr
RVEF% (n = 13) (n = 10) (n = 10) (n= 9) (n = 10) p Value
RNA 29 ± 9 33 ± 13 37 :t 11 37 :t 7 = 0.05 , Group 1 YS. 4
Echo
Method IA 49 ± 8 29 ± 10 34 :t 17 38 ± 10 41 :t 7 < 0.05 , Groups I to 4 vs. normal
group; < 0.02, Group I YS. 4
Method IB 49 :t 12 31 :t 8 41 ± 15 33 :t 13 40 ± 6 < 0.05, Groups I and 3 YS. normal
group; < 0.02, Group I YS. 4
Method IIA 50 ± 8 31 ± 9 35 :t 15 38 ± 9 45 ± 6 < (l.OI, Groups 1,2,3 YS. normal
group; < 0.01, Group I YS. 4
Method liB 51 ± II 29 ± 11 38 ± 14 35 ± 8 42 ± 5 < 0.05 Group 1,3.4, YS. normal group;
< 0.01 Group I YS. 4
AMI = anterior myocardia l infarction; IMI = infenor myocardial infarction; n = number; p = probability; RCA Obstr = ng ht coronary artery
obstruction .
of the right ventricle and complex mathematical formulas
for the calculation of its volume produce inherent difficul-
ties. Recently, several radion uclide techniques including
first pass (8, 15,16) gated first pass (17) and gated equilib-
rium scintigraphy (9,10) have been used to measure right
ventricular ejection fraction . These radionuclide method s
are relatively noninvasive and are " count based " , thus in-
dependent of assumptions about the complex geometry of
the right ventricle . A good corre lation exists between the
first pass and gated equilibrium methods for the estimation
of right ventricular ejection fractio n (10 ,18). The right ven-
tricle can be better separated both temporally and spatially
from the surrounding cardiac structures using first pass tech-
Figure 5. A poor correlation is shown between left ventricular
ejection fraction (LVEF) and right ventricular ejectio n fraction
(RVEF) determi ned by first pass radionuclide angiography (RNA)
in four groups of patients with coronary artery disease. NS == not
significant; other abbreviations as in Figure 3.
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nique, which is probably the best noninvasive method for
estimating right ventricular ejection fraction , This technique,
however, has not been used to calculate right ventric ular
volumes because it probably requires biplane images and
complicated formulas . Quantitation of right ventricular vol-
umes can be accomplished utilizing gated equilibrium blood
pool scans (17) .
Echocardiographic evaluation of right ventricular
function. In an M-mode echocardiographic study of pa-
tients with transposition of the great vessels , the ratio of the
pre-ejection period/ejection time of the right ventricle cor-
related well with the angiographic right ventricular ejection
fraction . The change in right ventricular minor dimension,
however, did not correlate with the angiographic ejection
fraction (19). Bommer et al. (20) showed that right ven-
tricular dimensions and area can be determined by apical
two-dimensional echocardiography and that these variab les
were validated by using cast models . Several factors, how-
ever, limit the two-d imensional echocardiographic estima-
tion of right ventricular volume . These include : I) abnormal
configuration: Because of its half-moon configuration the
entire right ventricle cannot be visualized by two-dimen-
sional echocardiography in adults; 2) accessibility: The in-
accessible intrathoracic position and irregular geometric shape
of the right ventricle make it difficult to obtain biplane two-
dimensional echocardiographic images perpendicular to each
other; and 3) endocardiaL definition : Poor right ventricular
endocardial definition may cause errors in tracing techniques
(7).
Although angiographic estimation of right ventricular
volumes may not be a standard optimal method , comparison
with the echocardiographically derived right ventricular vol-
umes showed a consistent underestimation of echocardio-
graphic volumes averaging less than 60% of angiographic
volumes (4,7,21,22). This difference may be explained by
an altered echocardiographic plane of sector, exclusion of
right ventricular trabeculation by echocardiography , greater
lACC Vol. 2, No 5
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relative error in measuring a smaller end-systolic area or a
fault in the geometric models (5). Echocardiographic esti-
mation of right ventricular ejection fraction, however, cor-
related well with the angiographic ejection fraction in chil-
dren with congenitalheart disease utilizingapical four chamber
and parasternal short-axis views (4,5). Similar results were
reported in adults with obstructive pulmonary disease using
apical and subcostal views of the right ventricle (6), and in
patients with right ventricular volume or pressure overload
employing apical four chamber and two chamber right ven-
tricular planes (7).
In the present study, we utilized two paired orthogonal
views, an apical four chamber and an apical two chamber
right ventricular view obtained in 87% of the patients, and
an apical four chamber and subcostal four chamber view
obtained in 80% of the patients (Fig. I). Right ventricular
ejection fraction was calculated for each pair of views with
the biplane area-length method and Simpson's rule method
using a light-pen computer system (Fig. 2). A good cor-
relation was found for each echocardiographic method com-
pared with the right ventricular ejection fraction derived
from first pass radionuclide studies in these patients with
coronary artery disease (Table I; Fig. 3 and 4). The right
ventricular volume components of ejection fraction were
not included in the analysis of this study because echocar-
diographic estimation of right ventricular volume is not ac-
curate (4,7,21,22) and the first pass radionuclide technique
used for comparison does not provide right ventricular vol-
ume calculations.
Right ventricular function in coronary artery disease.
Right ventricular function in coronary artery disease
may be influenced by local myocardial damage of the right
ventricle and by left ventricular dysfunction (23). Increased
right ventricular end-diastolic dimensions were found by M-
mode echocardiography in patients with inferior wall myo-
cardial infarction associated with right ventricular infarction
(24). Two-dimensional echocardiography can also detect
right ventricular wall motion abnormalities in patients with
right ventricular infarction (25). Although clinically evident
right ventricular infarction is rare, right ventricular dys-
function has been shown by radionuclide studies to occur
in 30 to 40% of patients with inferior myocardial infarction
(15,24,26). The decreased right ventricular ejection fraction
may improve in some patients after the acute phase of in-
ferior myocardial infarction (26). However, patients with
anterior myocardial infarction usually have a normal right
ventricular ejection fraction, although left ventricular ejec-
tion fraction is decreased (16,26,27). In addition, anterior
myocardial infarction associated with left ventricular failure
may produce elevation of the pulmonary vein and pulmonary
artery pressures and result in right ventricular dysfunction
(23,28).
Our findings are in agreement with these data. Patients
with acute inferior wall myocardial infarction had the lowest
right ventricular ejection fraction by both radionuclide and
echocardiographic studies. No significant difference, how-
ever, was found in right ventricular ejection fraction be-
tween patients with acute and old inferior myocardial in-
farction (Table 2). In addition, 4 of these 20 patients with
inferior myocardial infarction had evidence of segmental
wall motion abnormality (hypokinesia or akinesia) of the
free or diaphragmatic right ventricular wall (Fig. 2). No
correlation was found between the left ventricular and right
ventricular ejection fractions determined by first pass radio-
nuclide scintigraphy (r = 0.16) (Fig. 5). Patients with a
significant right coronary lesion but no infarction had the
highest right ventricular ejection fraction. A normal right
ventricular ejection fraction at rest may decrease during
exercise in these patients (10). Thus, it appears that right
ventricular function is influenced more by direct damage of
right ventricular myocardium than by left ventricular dys-
function (23).
Limitations of the study. Although our study used di-
rect light-pen computer analysis of the echocardiographic
image that avoids parallex distortion produced by the mon-
itor screen, accurate tracing of the right ventricular endo-
cardial surface is not always feasible. In addition, we could
not be certain that the planes recorded were exactly per-
pendicular because the angle between two planes may vary
among patients. Discrepancies may also exist because the
angulation of the transducer or the patient's position may
have varied. Furthermore, the method is tedious and time-
consuming. Automatic computer tracing of the echocardio-
graphic images may facilitate some of these problems.
Clinical implications. Our study suggests that inferior
wall myocardial infarction is associated with reduced right
ventricular ejection fraction, and changes in left ventricular
ejection fraction secondary to left ventricular dysfunction do
not directly influence right ventricular function. Two-di-
mensional echocardiography can be used to assess nonin-
vasively right ventricular function and is an alternative method
to radionuclide techniques for estimation of right ventricular
ejection fraction in patients with coronary artery disease.
This method may also be of value in the quantitative eval-
uation of right ventricular performance in patients with val-
vular heart disease or noncardiac diseases and in the as-
sessment of the effects of pharmacologic and physiologic
interventions on right ventricular function.
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